Background: Few studies have evaluated an individualized home-based exercise prescription during and after cancer treatment. Objective: The purpose of this study was to evaluate the effectiveness of a home-based exercise training intervention, the Pro-self Fatigue Control Program on the management of cancer-related fatigue. Interventions/Methods: Participants (N = 119) were randomized into 1 of 3 groups: group 1 received the exercise prescription throughout the study; group 2 received their exercise prescription after completing cancer treatment; and group 3 received usual care. Patients completed the Piper Fatigue Scale, General Sleep Disturbance Scale, Center for Epidemiological StudiesYDepression Scale, and Worst Pain Intensity Scale. Results: All groups reported mild fatigue levels, sleep disturbance, and mild pain, but not depression.
group differences were detected over time. No significant time or group effects were found for depression. Conclusions: Our home-based exercise intervention had no effect on fatigue or related symptoms associated with cancer treatment. The optimal timing of exercise remains to be determined. Implications for Practice:
Clinicians need to be aware that some physical activity is better than none, and there is no harm in exercise as tolerated during cancer treatment. Further analysis is needed to examine the adherence to exercise. More frequent assessments of fatigue, sleep disturbance, depression, and pain may capture the effect of exercise. C ancer-related fatigue (CRF) is a common problem in oncology patients and survivors that has received attention during the last 2 decades. Although the reported prevalence of CRF varies across studies, a consensus exists that it is high both during and after cancer treatment. In addition, numerous studies suggest that increased levels of fatigue are positively associated with sleep disturbance, depression, and pain and that these symptoms have a negative impact on functional status and quality of life. Although the underlying mechanisms of CRF are yet to be established, the effects of exercise on CRF and other patient outcomes have been the subject of numerous studies and suggest that exercise may have a positive effect on some symptoms. 1 In fact, in a series of systematic reviews and meta-analyses in patients with cancer, 2Y16 the physiological and psychological benefits of cardiovascular exercise interventions have been enumerated, including improvement in functional capacity, 12 ,15Y18 physical functioning, 2, 14, 18 and cardiopulmonary fitness 7,11,13,15,19Y21 ; increased lean body mass 2, 8, 13, 22 ; reduction in fatigue 2,7,9,12Y14,17,23Y27 ; improvement in mood and increase in vigor 2, 9, 11 ; decrease in depression 17,24,28Y32 ; improvement in sleep 11, 24 ; and improvement in quality of life. 7,10,13,17,18,20,23,28,32Y36 All of these studies are limited by timing, structure, and/or duration of the exercise interventions. Most of the exercise interventions were conducted only during cancer treatment, consisted of predominately supervised aerobic activities performed in a physical activity facility at moderate intensity several times a week for 20 to 30 minutes per session from 5 weeks to 3 months in duration. No studies were found that evaluated an individualized exercise prescription for home-based exercise training during as well as after cancer treatment. Therefore, the primary purpose of this study was to evaluate the effectiveness of a home-based exercise training intervention called the Pro-self: Fatigue Control Program on the management of CRF. Secondary purposes were to investigate the timing of intervention, either during or after completion of cancer treatment on CRF, and to study the effects of the intervention on sleep disturbance, depression, and pain.
The Effect of the Exercise Intervention on CRF
Seven systemic reviews and meta-analyses have reported on the effects of exercise as an intervention for CRF in oncology patients. 2,9,11Y13,37,38 In this section, the results of studies of exercise interventions' effects on CRF are summarized. McNeely et al 12 reviewed 14 randomized controlled trials (RCTs) of breast cancer women and survivors, of which 6 trials assessed the effect of exercise on CRF. Four of the 6 studies 18, 19, 39, 40 used the revised Piper Fatigue Scale (PFS). Although all 6 studies showed improvements in fatigue with exercise on either home based or supervised, only 2 reported statistically significant improvements. These 2 studies were the ones conducted with breast cancer survivors who were on a mean of 14 (SD, 6) months past their completion of treatment 20 or 21 (SD, 18) months since their cancer diagnosis. 41 In a more recent study, Schneider et al 42 used 2 separate samples to test the effectiveness of an exercise intervention on fatigue and cardiopulmonary function in patients with breast cancer. Women participated in an individualized prescribed exercise program during cancer treatment (n = 17) or after cancer treatment (n = 96). The intervention included both aerobic and resistance activities. Participants attended individually supervised exercise sessions 2 or 3 d/wk for 6 months. The exercise session lasted 60 minutes that included warm-up, 40 minutes of aerobic exercise resistance training and stretches, and 10 minutes of cooldown. Exercise intensity ranged from 40% to 75% of heart rate reserve. Exercise options included outdoor or treadmill walking or stationary cycling. Intensity was measured by the Borg Exertion Scale (range, 0Y10; 0 = no exertion, 10 = maximal exertion). Self-reported intensity of exercise began at a Borg Scale rating of 2 (of 10) and progressed as tolerated. The patients who received the exercise intervention while in active cancer treatment showed statistically significant improvements in cardiopulmonary function, 2 subscales of the PFS (ie, behavioral and sensory), and in total PFS score. The patients who received the intervention after cancer treatment showed improvements in cardiopulmonary function (eg, improved systolic blood pressure, time on treadmill), all 5 of the PFS subscales (ie, behavior, sensory, affective, cognitive, and mood), and in total PFS score.
Somewhat similar results were obtained when these authors reported on 45 men with various cancer diagnoses, who participated in the same study. 43 These men were divided into duringtreatment and following-treatment groups. They received the same 6-month individualized exercise prescription as described earlier. Fatigue was significantly reduced (ie, all 5 subscales and total PFS score) with the exercise intervention in men who had completed their cancer treatment, but not in the men who received the intervention during treatment. In a similar, yet retrospective study, 44 significant reductions in CRF were found at 8 weeks following an individualized comprehensive exercise program that was administered during and after cancer treatment in patients who were receiving cancer treatment (n = 13) and in cancer survivors who had completed their cancer treatment (n = 26). The intervention included supervised aerobic and resistance exercise, educational classes, and support. The outcome measures were retrieved from medical records. Significant improvement was seen in the total PFS score. The sample included 13 different types of cancer; 15 of the 39 had breast cancer. These patients were a decade older (mean, 63 years) and had a more advanced cancer (6/39 stage IV) than comparable earlier studies.
Unlike the previous findings of positive outcomes of exercise interventions during cancer treatment, McNeely et al 12 reported on 5 home-based exercise intervention studies that had mixed findings. Four of the 5 studies were conducted during adjuvant cancer treatment and did not find significant improvements in CRF in patients who received the exercise intervention. Similar findings were also reported by a large randomized clinical trial of 245 patients with breast cancer who received a 17-week intervention of supervised aerobic or resistance exercises during their adjuvant chemotherapy. 41, 45 In the follow-up study, Pinto et al (2008) 46 found an initial improvement in CRF at the end of the 12-week intervention. However, these improvements were not sustained 6 months later. Of note, at the 9-month follow-up, some of the initial improvements in CRF were regained.
The translation of benefits from exercise interventions to clinical practice occurred rapidly through Oncology Nursing Society's Putting Evidence Into Practice Project.
Currently, considerable enthusiasm exists for recommending exercise during and after cancer treatment, despite limited data on the most effective timing of the exercise intervention and inconsistent data concerning the relationship of exercise with fatigue management during adjuvant cancer treatment. In addition, studies of the effects of exercise immediately following the completion of cancer treatment are extremely limited.
Exercise Recommendations and Guidelines
Prior to 2000, there were no cancer-specific exercise testing, prescription, or training guidelines. As a result, most published intervention studies based their prescriptions on the 1998 American College of Sports Medicine (ACSM) guidelines for healthy adults. 47, 48 The American Cancer Society 49 recommended that aerobic activity be performed 3 to 5 d/wk for 20 to 60 minutes per session at a moderate level of intensity. According to Schwartz, 50 in her review of physical activity and cancer patients, clinicians should recommend aerobic exercise at least every other day at moderate intensity (50%Y75% predicted maximum heart rate or 10Y14 on the 20-point Borg Scale or symptom limited) for at least 30 minutes per session. Prudent exercise guidelines include starting an exercise program with short duration, low intensity (below their perceived ability), and slowly progressing to continuous longer-duration, moderateintensity exercise. 50 The optimum exercise prescription for individual cancer patients has not been fully elucidated.
Conceptual Framework of the Study
Cancer-related fatigue was defined as a subjective sensation of unusual whole-body tiredness due to cancer. 51 The literature suggests that a variety of factors may contribute to CRF. These factors include changes in functional status, activity levels, psychological factors, sleep disturbances, disease, treatment and symptom factors, and diverse inherent or innate factors (eg, demographic, disease, and treatment variables). 51Y61 The most frequently cited theoretical framework for fatigue that addresses these factors in cancer patients is the Integrated Fatigue Model (IFM). 51, 59, 62, 63 The Integrated Fatigue Model provided the framework for the current study. Cancer-related fatigue is the primary outcome variable of the study, and sleep disturbance, depression, and pain were viewed as fatigue-related variables and therefore were secondary outcomes. In addition, innate factors were also considered as possible moderators of CRF. The PFS was derived from the IFM and was used to measure the multidimensional characteristics of CRF.
n Methods
Study Design
A randomized, single-blind, 3-arm, controlled trial design was used. Participants were randomly assigned to 1 of 3 groups: group 1 (EE) received an individualized exercise prescription and regular follow-up throughout the study period (during and after cancer treatment, n = 44), group 2 (CE) received an exercise prescription and regular follow-up after having completed cancer treatment (n = 36), and group 3 (CC) received usual care (which did not include an exercise prescription) both during and after cancer treatment (n = 39). All participants completed questionnaires at baseline (T1 = the week before the second chemotherapy treatment), at the end of cancer treatment (T2 = 4Y6 months after T1), and at the end of the study (T3 = approximately 1 year after the start of T1).
Sample and Settings
Participants were recruited from 6 outpatient settings in the San Francisco Bay Area and stratified by type of cancer before being randomly assigned to 1 of the 3 treatment groups from 1999 to 2005. All participants were women 18 years or older who had a confirmed diagnosis of breast, colorectal, or ovarian cancer; were beginning their first chemotherapy treatment; were able to read, write, and understand English; had a Karnofsky Performance Status (KPS) Scale score of 60 or greater 64 ; and were able to provide written informed consent.
Participants were excluded if they were having concurrent radiation therapy, bone marrow transplantation, uncontrolled hypertension, diabetes mellitus, a pain intensity score of greater than 3 on a 0-to 10-point numeric rating scale (NRS), a lytic bone lesion, orthopedic limitations, a history of major depression, sleep disorders, chemotherapy within the past year, a diagnosis of AIDS-related malignancy, leukemia, or absolute contraindications to exercise testing as established by the ACSM. 65 The sample size for this study was determined by exploration of power analyses for the proposed tests of the between-groups effects in the primary outcome variable of fatigue. The sample
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Cancer Nursing TM , Vol. 33, No. 4, 2010 n 247 sizes required for between-groups effects are generally larger than those required for within groups or group Â time interaction effects. Mock et al provide an estimate of the effect size for baseline-adjusted PFS total scores between subjects in an exercise condition and subjects receiving usual care compared at the end of chemotherapy. 24 The results of that study indicate a somewhat larger than medium effect size, f = 0.30, which provided a sample size calculation of this study. A total sample size of 111 is needed to achieve power of 0.80 with an ! of .05. We assessed 252 women for eligibility of the study, and 119 participated.
Procedures
The study was approved by the institutional review board at the university and at each recruitment site. We recruited women who had just completed their first chemotherapy treatment. We then measured their fatigue level and associated symptoms within 7 days prior to beginning their second chemotherapy treatment. Participants who met the study criteria and were scheduled to begin chemotherapy were told about the study by referring oncologists and nurses at each site and then approached by the research staff. After informed consent, they were scheduled for a symptom-limited cardiopulmonary fitness test in the Clinical & Translational Science Institute, Clinical Research Center (CTSI CRC), formerly the General Clinical Research Center at the university hospital. The participants were given a packet of questionnaires to complete either at the clinic or in their homes that were returned to the research staff when they came in to be tested at times 1, 2, and 3. Before the cardiopulmonary fitness test, the exercise physiologist obtained height, weight, and vital signs and reviewed medical history to assess contraindications to exercise testing. The present study started the exercise training with the minimum levels and progressed as the participants tolerated increased activity based on their cardiopulmonary fitness (VO 2peak ) assessed using symptom-limited treadmill testing. Cardiopulmonary exercise testing was performed 3 times during the study period (T1, T2, T3) in the exercise physiology laboratory in the CTSI CRC, by laboratory staff blinded to the participant's group assignment. A branching treadmill protocol was used, which starts with a comfortable walking speed, after which the speed and grade were increased to achieve an increment of 1 to 2 metabolic equivalent between stages. The work rate increased every 2 minutes until the subject was unable to continue or until there was an indication to discontinue the test (ie, electrocardiographic changes, inappropriate blood pressure response). 65 Blood pressure and a continuous 12-lead electrocardiogram monitoring were performed. Ratings of perceived exertion (subjective rating of effort) were measured at each stage on a 6-to 20-point scale. 66 Oxygen consumption (VO 2 ) was determined using an open-circuit spirometry system (Quinton Instrument Co, Bothell, Washington), calibrated against known gases before each test. Respiratory gases were analyzed for volume and fractions of oxygen and carbon dioxide, and VO 2 was calculated. Oxygen uptake at the highest tolerated intensity of exercise (VO 2peak ) was determined and expressed relative to body weight (in milliliters of O 2 per kilogram of body weight per minute). All abnormal findings during the test were sent to the patient's designated primary physician, oncologist, and/or cardiologist asking for further cardiac evaluation and request for official physician clearance, or a release, for the subject to continue participation on the study. The exercise physiologists held the subject's participation until they received either verbal or written clearance before giving patients an exercise prescription.
Instruments
The PFS is a 22-item NRS 67 that evaluates subjective fatigue (behavioral, sensory, affective, cognitive, mood). Each item is rated on a 0-(none) to 10-point (a great deal) NRS. It was originally developed to measure fatigue in persons with cancer and has excellent reliability and validity estimates. 22, 53, 61, 62, 68 Fatigue scores are categorized by mild (1Y3), moderate (4Y6), and severe (7Y10). 67 In the current study, the Cronbach ! for the PFS ranged from .96 to .97.
The General Sleep Disturbance Scale consists of 21 items that evaluate various aspects of sleep disturbance (quality and quantity of sleep, sleep latency, waking up during sleep, daytime sleepiness, and medication use). 69 Items are rated on 0-(never) to 7-point (every day) NRS. The 21 items are summed to yield a total score that ranges from 0 (no disturbance) to 147 (extreme disturbance). A score of greater than 43 reflects sleep disturbance. 70 The General Sleep Disturbance Scale has wellestablished reliability and validity in cancer patients. 71Y73 In the current study, Cronbach ! ranged from .83 to .86.
The Center for Epidemiological Studies Depression Inventory (CES-D) is a 20-item self-report instrument that measures the clinical syndrome of depression. 74 Each item is rated on a 4-point scale (0Y3). Scores can range from 0 to 60, with higher scores reflecting more depressive symptoms. A score of 16 or greater indicates a need for a clinical evaluation. 74 The CES-D has well-established reliability and validity estimates across samples of persons with cancer receiving surgery or radiation therapy. 68, 71, 73, 75 In the current study, the Cronbach ! for the CES-D ranged from .80 to .89.
The Worst Pain Intensity Scale is a single item, completed at T1, T2, and T3, scored 0 (no pain) to 10 (worst pain imaginable) NRS that patients used to rate their worst pain in the past 24 hours. A descriptive NRS is a valid and reliable measure of pain intensity. 76 The KPS Scale measures the physical abilities of the patient based on definitions provided using a 0-to 100-point scale. 64 Since its development, the scale has been used extensively in oncology to evaluate performance status. A score of 100 indicates that the individual is able to carry on normal activities and has no decrease in performance status. A score of 30 indicates that the individual is severely disabled and needs to be hospitalized. The KPS has well-established interrater reliability, concurrent validity, and criterion validity. 64,77Y79 The demographic profile (baseline and follow-up) form was completed by the participants at the 3 time points. Baseline data included age, income, ethnicity, sex, menopausal status, and symptom checklist (symptomatology). The follow-up demographic form was completed at T2 and T3 to document any changes that occurred since baseline in occupational status, KPS, menstrual status, and symptomatology. This instrument was developed and used in previous studies with no difficulties. 80Y83 The medical record review form was used to obtain medical and treatment-related data. It contained 10 items plus a flow sheet that was used to obtain data on the patients' tumor characteristics, chemotherapy protocol, treatment goals, and response to chemotherapy. Laboratory data and clinical parameters were recorded on the flow sheet. This instrument was completed by research personnel based on medical record reviews and interviews with the patient's physician or nurse. Data were collected monthly to obtain precise information and to document any changes in the chemotherapy protocol (eg, treatment delays or dose reductions) since baseline. This form was developed and used previously in our RCTs and pilot studies with no difficulties. 84, 85 
Intervention Framework
The intervention framework called the Pro-self: Fatigue Control Program is based on self-care and adult learning theory. 86, 87 It includes 3 components: relevant knowledge about fatigue, self-care skills to manage CRF, and supportive coaching to continue positive behaviors. This framework was used in our earlier RCTs. 86, 88 The exercise prescription was comprehensive and individualized to the participant's fitness level, based on the baseline exercise treadmill test. The exercise prescription was adjusted by the exercise physiologist through weekly follow-up phone calls to maintain the exercise prescription. It consisted of a mode (cardiovascular/aerobic exercise, eg, walking, jogging, or bicycling), frequency (3Y5 times per week), intensity (training heart rate corresponding to 60%Y80% VO 2peak ), and duration (20Y30 minutes of continuous exercise). In addition to heart rate, the intensity of the exercise was also targeted to achieve the Borg Scale of 12-to 14-point level (''somewhat hard''). Patients were instructed on how to obtain their pulse by the exercise trainer, and the pulse was counted at least twice during each exercise session to monitor their exercise intensity. The EE group was given this exercise prescription at T1, and the CE group was given this exercise prescription at T2. The participants were supported in their exercise through weekly telephone calls from the exercise trainers who provided support and encouragement as well as help in problem-solving potential barriers to exercise.
Standard Care/Usual Activities (CC)
All CC patients received standard care (which did not include an exercise prescription). Those CC patients who reported exercising regularly prior to enrollment in the study were asked not to change their exercise patterns. To prevent a differential treatment effect, the CC patients were telephoned weekly by the research nurse to inquire about their health and general response to cancer treatment. The research nurse did not provide any formal information or counseling regarding fatigue or exercise.
Data Analysis
Data were analyzed using SPSS version 15. 89 Prior to the analysis of the specific study aims, appropriate descriptive statistics were calculated for all variables at each point in time. The 3 treatment groups were compared on selected demographic, disease, and chemotherapy treatment variables to assess whether the random assignment procedure was successful in creating comparable groups. If differences were found in these variables among the 3 groups, such variables were used as covariates in the analysis. Two-tailed tests were used. A comparison of demographics was made between patients who dropped out to those who did not to determine if there was a differential bias. All analyses were completed on the randomized groups by intent to treat (ie, all randomized patients were analyzed based on their group assignment). The multilevel regression analysis was used to compare how fatigue and other study variables had changed over time and by groups. This analysis enables researchers to describe changes within individuals over time and to examine interindividual effects over time. In addition, this method allows using the estimated values of parameters to draw conclusions about the direction and the magnitude of proposed effects in the population. 90 Statistical significance was preset at P G .05.
n
Results
Of the 252 women initially approached and screened, 119 women were determined to be eligible, and 133 individuals were either ineligible (n = 47) or not interested in the study (n = 86). Ineligible reasons (some people provided more than 1 reason, so the total numbers vary) were: changing circumstances of their planned cancer care (n = 11), treatment plan did not include chemotherapy (n = 7), had previously received chemotherapy (n = 15), could not exercise because of surgery or cardiac problem (n = 6), or had bone metastasis or other concurrent cancer (n = 6). In addition, 15 potential subjects contacted the investigator after having learned of the study through publicity, but unfortunately, their various institutions were not covered by our institutional review board. Of the eligible women who declined to participate (n = 86), reasons reported for not participating were as follows: not interested after learning more about the study (n = 25), too busy (n = 25), too far (n = 10), protocol too much (n = 2), wanted EE group only (n = 4), or others (n = 20). Figure 1 shows the recruitment and dropout rate of women during the study period by treatment group.
No significant differences were found in age (P = .43), income (P = .26), education (P = .23), or marital status (P = .67) between the patients who did and did not drop from the study. The study participants were all female (100%), primarily married/partnered (68.4%), white (75.2%), and diagnosed with breast (n = 112), colon (n = 1), or ovarian (n = 6) cancer. The mean age was 50.5 (SD, 9.35) years, and education level ranged from 11th grade to beyond master's study (mean, 16.2 [SD, 2.8] years). The 3 groups of patients did not differ significantly in any of the demographic, disease, or treatment characteristics on entry into the study (Table 1) .
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Changes in Fatigue Over Time
Multilevel regression analysis was used to explore the impact of time and group on levels of fatigue, as measured by the PFS. Mean fatigue scores from all participants were at a mild level at the 3 time points. To increase interpretability of a possible interaction between time and group, many authors (eg, see Singer and Willet 90 ) recommend centering the variable representing time so that the model intercept can be interpreted at a meaningful time. Frequently, the first or baseline assessment is selected. With this notion, the fatigue levels were used in these analyses with time (centered at baseline), group, and the interaction between time and group. In addition, ''group'' was dummy coded so that the control group was the reference group. A random coefficients model was specified for the analysis by including both random intercepts and slopes for the time variable, to address the questions of whether fatigue level varied among groups at baseline and whether the rate of change in fatigue level varied among groups. The specification for the covariance matrix for the random intercepts and slopes was ''unstructured,'' and estimation was obtained with restricted maximum likelihood. The unconditional model for fatigue showed that the linear change in fatigue over time was not significant (P = .084). The linear change in fatigue over time by group showed no significant differences among the groups. However, significant linear (P = .02) and quadratic (P = .004) time effects in fatigue were found, when the quadratic effect was included in the model ( Table 2 ). However, neither the linear nor the quadratic effects differed among treatment groups. Figure 2 illustrates the linear and quadratic fatigue trajectories by treatment groups (Figures 2A and B) . Although there were no statistically significant differences between groups on CRF, the EE patients sustained their exercise activities and maintained a lower mean fatigue level for almost a year, whereas the CE group had worsening mean fatigue levels during cancer treatment, but more than recovered when they had completed cancer treatment and/or given their exercise prescription, surpassing their baseline level of fatigue at T3. The contribution of having completed treatment or being given their exercise prescription cannot be determined from our data. Not surprisingly, the usual-care (CC) group had increasing mean fatigue levels during cancer treatment, and their fatigue severity leveled off after completion of treatment and decreased further at the end of the recovery period (T3). This pattern was reported by other investigators. 91
Sleep Disturbance, Depression, and Pain
Multilevel regression analysis was done to explore the effects of time and group on levels of sleep disturbance, depression, and pain. The analysis for sleep disturbance showed that the linear change over time did not differ by group. However, a significant quadratic (P = .043) effect was found for sleep disturbance, when the quadratic effect was included in the model ( Table 2) . Neither the linear nor the quadratic effects differed among the groups. Figure 3 illustrates the linear and quadratic sleep disturbance trajectories by treatment groups. The overall mean depression scores were less than the cutoff score for depression (ie, 16) and ranged from 10.2 to 13.4 in the total sample for the 3 time points. The unconditional model for depression showed that the linear change in depression over time was not significant (P = .43). The linear change in depression over time by group was also not significant. No significant linear or quadratic time effects were found when the quadratic effect was included in the model ( Table 2) . Neither the linear nor the quadratic effects differed among the groups. Figure 4 illustrates the linear and quadratic depression trajectories by treatment groups.
Overall pain intensity in all groups was mild. The mean score of each group for pain ranged from 1.3 to 2.29 (0 = none to 10 = worst pain) in the total sample for the 3 time points. The unconditional model for pain showed that the linear change in pain over time was not significant (P = .29). The linear change in pain over time by group was not significant. However, significant linear (P = .02) and quadratic (P = .04) time effects in pain were found when the quadratic effect was included in the model (Table 2 ). However, neither the linear nor the quadratic effects differed among the groups. Figure 5 illustrates the linear and quadratic pain trajectories by treatment groups.
Adherence to Minimum Criteria of Exercise
To maintain the fidelity of the intervention, a research team member called the patients who had received an exercise prescription once a week and at the major time points (T2 and T3). In this analysis, adherence rates were calculated based on mode, frequency, intensity, and duration of reported exercise at each major time point about past weekly exercise behaviors. The EE groups and later the CE group patients were considered adherent to their exercise prescription if they met the minimum levels of frequency (3 times/wk), duration (20 min/session), intensity Abbreviations: CC, group that received usual care both during and after cancer treatment; CE, group that received exercise prescription and regular follow-up after having completed cancer treatment; EE, group that received an individualized exercise prescription and regular follow-up throughout the study period (during and after cancer treatment); T1, the week before the second chemotherapy treatment; T2, at the end of cancer treatment (4Y6 months after T1); T3, end of the study (approximately 1 year after the start of T1). a Two participants in the CE group did not answer the question concerning ethnicity. b Due to rounding, percentage may not add up to 100. c Four participants in the EE group, 2 participants in the CE group, and 2 participants in the CC group did not answer the question concerning menopause. d One participant in the EE group and 2 participants in CE group did not answer the question concerning participation in a regular exercise program. e Four participants in the EE group, 2 participants in the CE group, and 2 participants in the CC group did not answer the question concerning cancer stage.
(moderate), and mode of their exercise (aerobic) prescription. The EE group reported an adherence rate of 73% at T2 and 75.7% at T3, and the CE group reported 86.7% adherence at T3.
n Discussion
Cancer-related fatigue is one of the most devastating symptoms for patients during and after treatment. Exercise, a recommended intervention by the Oncology Nursing Society's Putting Evidence Into Practice guideline, is intended to reduce or manage fatigue. However, in the guideline, exercise as an intervention for CRF has not yet yielded consistently positive outcomes across studies. Meta-analyses and systematic reviews have described variations in dose of exercise (frequency, duration, and intensity), types of exercise (aerobic, and/or resistance/strength), outcome measures (physical functioning, fatigue, vigor, vitality, or peak oxygen consumption), timing of exercise (during or after cancer treatment), and length of the exercise intervention weeks (3 weeks, 12 weeks, or beyond). The present study was designed to evaluate the effectiveness of an individualized home-based exercise intervention for CRF as well as for the secondary purposes of investigation of the timing of the interventions, and the effects on sleep disturbance, Abbreviations: CC, group that received usual care both during and after cancer treatment; CE, group that received exercise prescription and regular follow-up after having completed cancer treatment; EE, group that received an individualized exercise prescription and regular follow-up throughout the study period (during and after cancer treatment); T1, the week before the second chemotherapy treatment; T2, at the end of cancer treatment (4Y6 months after T1); T3, end of the study (approximately 1 year after the start of T1). a P G .05. b P G .01. c P G .001.
depression, and pain based on the IFM framework. A unique aspect of this study was the evaluation of the effects of exercise that was initiated during or after completion of cancer treatment, compared with a control group. However, no differences were found in the trajectories of fatigue across the study groups. Fatigue and pain intensity levels increased during treatment and then decreased after treatment in all groups. Depression scores did not change over time in any of the groups. These findings further our understanding of the effects of cardiopulmonary (aerobic) exercise both during and after cancer treatment in a sample of women with selected types of cancer. The present study did not clearly conclude if it is better to perform exercise activities during cancer treatment or after completion of treatment regarding CRF, because comparisons did not reach the level of statistical significance.
Possible Explanations for the Nonsignificant Fatigue Findings
Several possible explanations could account for our nonsignificant findings: a floor effect for CRF, the exercise prescription, or statistical power. The sample's mild fatigue levels created a ''floor effect,'' namely, there was a limited opportunity for the intervention to demonstrate a significant reduction in CRF or related symptoms in this sample. This is the major contributor of the nonsignificant trial. Future research should focus on patients who report higher fatigue prior to and during cancer treatment. 9 For example, Heim et al 92 
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Cancer Nursing TM , Vol. 33, No. 4, 2010 n 253 resulted in significant reductions in CRF. Unfortunately, this study intervention was confounded by the concurrent enrollment of the patients in a multicomponent ''rehabilitation program,'' which makes interpretation of the effects of exercise difficult. When our study was initiated, the ACSM 1998 guidelines were used to develop the exercise prescription and to guide the progression of exercise activities to the women's tolerance levels. As mentioned earlier, at a minimum, the women were prescribed aerobic activities 3 times a week, for 20 minutes' duration, and at a moderate intensity. Participants in the EE group were able to meet ACSM 1998 guidelines 73% of the time from T1 to T2, and 76% of the time from T2 to T3. Participants in the delayed-exercise CE group were able to meet this minimum 87% of the time from T2 to T3. In 2006, the updated ACSM guidelines recommended that healthy adults have exercise sessions 5 times a week, for 30 minutes' duration, at moderate intensity. Even with these more demanding guidelines, women in the EE group met these criteria 24% of the time from T1 to T2 and 30% from T2 to T3. Furthermore, women in the delayed-exercise prescription CE group met the 2006 criteria 17% of the time from T2 to T3.
It is interesting to note that the exercise activities in the nonintervention groups (CE and CC) declined during cancer treatment. Forty-four percent of the delayed-exercise CE group reported meeting ACSM 1998 guidelines at T1, but by T2, the CE group had decreased to 27%. Similarly, 34% of the control CC group reported meeting our minimum criteria at T1, but this percentage decreased to 31% at T2. This pattern of decreasing regular exercise in nonintervention patient groups during active treatment was reported previously. 93, 94 After completion of cancer treatment, the CC group rebounded to 46% at T3, a pattern reported previously. 95 The actual effect size obtained from the level of fatigue changes for the exercise intervention in the present study was weak, f = 0.11, 96 for the comparison of the EE group versus the CE and CC groups at T2. The effect size was even smaller at T3 (f = 0.07), when the 3 groups were compared (ie, EE vs CE vs CC). With an effect size this weak, a large sample size would be required to detect a significant difference among the groups, but the investigators had difficulties recruiting the targeted numbers of participants. Originally, this study was designed to recruit other types (eg, colorectal, prostate) of cancer that would have included both sexes, but the complexities of the patients' clinical treatment protocols (use of the hepatic pump for the colorectal patients, and no end to active treatment for the men with prostate cancer) made their inclusion impossible with the study design.
Schmitz et al, 13 in their meta-analysis, reported a small effect size for exercise on fatigue both during and after cancer treatment. This finding indicates that although there may be consistent evidence of the positive effect of activity-based interventions on fatigue, the magnitude of the effect may be too small to be of clinical relevance. Jacobsen et al, 9 in reviewing the effect sizes of earlier meta-analyses of activitybased interventions on fatigue, 2,13,97 made an interesting observation: comparing the findings of Jacobsen et al 9 with others' findings, they suggest that the effect sizes are reduced when more recent studies are included, and the meta-analyses are limited to RCTs. The rationale given by some of these authors of earlier meta-analyses for including nonrandomized studies was to avoid overestimating the magnitude of the effect in the population. 2
Adherence With the Exercise Prescription
With education, support, and coaching, patients in the present study had a moderate to high adherence rate based on the ACSM's 1998 minimum criteria of exercise. Their adherence levels were similar to those reported in other exercise intervention studies. However, only 1 study was found that administered their intervention to their participants for as long as the present study; Courneya et al 20 tested a supervised exercise after cancer treatment for 1 year in 52 breast cancer survivors and reported an adherence of 98% for exercise attendance. In another study, Courneya et al 98 derived 3 major categories for the types of barriers (or reasons) that patients gave for not adhering to their 17-week supervised exercises (aerobic or resistance) during their chemotherapy. The predominant category was disease-and treatment-related (53%) followed by life-related barriers (34%) and motivation-related barriers (13%). The current study's findings are in agreement with those of Courneya et al, 98 with the early-exercise EE group reporting disease-and treatmentrelated barriers to exercise during their cancer treatment (week of chemotherapy, 14%; fatigue, 10%) or life-related barriers (illness, eg, colds or flu, 16%; family obligations, 13%). Our findings extend those of Courneya et al, 98 in that the earlyexercise EE group and the delayed-exercise CE group continued for almost 6 months (T2-T3) beyond their cancer treatment. During that time, a notable shift occurred in reported barriers given by our study participants. The most frequent barriers were predominately life related for both groups (EE and CE). The EE group reported work (outside employment responsibilities) (14%), vacations (14%), family obligations (8%), and, lastly, fatigue (8%). The CE group reported the barriers to exercise to be work (24%), illnesses (cold or flu) (10%), and vacations (8%).
Adverse Events
Adverse events were not a factor in the nonsignificant findings of this RCT. During our study period, we telephoned EE and CE patients and asked whether they had experienced any injuries or pain during exercise sessions. Although not many injuries occurred during exercise sessions, those that were reported included hip pain, sciatica (n =16), arm discomfort (n = 4), knee discomfort (n = 10), ankle discomfort (n = 3), and foot discomfort (n = 8). All patients tolerated the symptom-limited treadmill testing without adverse events. Asymptomatic ischemic electrocardiogram changes (ie, ST-segment depression) were detected in 10 patients, asymptomatic bigeminy in 6 patients, and premature ventricular complexes were noted in 9 patients. These abnormal findings were sent to each subject's primary physician, oncologist, and/or cardiologist for further evaluation. With a physician's release letter, patients continued being tested. A total of 8 patients were not cleared to continue with the testing and were discontinued from the study.
Integrated Fatigue Model
The model was useful in clarifying proposed relationships among the IFM relevant variables. No significant correlations were found between fatigue, demographic variables, and treatment variables at T1. At T2, a positive correlation was found between employment and fatigue (r = 0.23, P G .05), and at T3, a negative correlation between income and fatigue (r= j0.32, P G .01). At each point in time, significant positive correlations were found between fatigue and sleep disturbance (r = 0.5-0.63, P G .01), depression (r = 0.62Y0.67, P G .01), and pain (r = 0.25Y0.48, P G .01). In a similar sample, Berger and Higginbotham 99 identified a significant positive relationship between fatigue and sleep disturbance, and an inverse relationship between activity level and fatigue. The current study concurs with their first finding but not with their second. Further development of this theoretical model is warranted to continue to provide structure for research and to guide revisions based on research findings.
Limitations
Several limitations are worth noting. When this study was conducted, the benefits of exercise were being reported in the literature and appeared to hold some promise. The present investigators decided that although sedentary patients were preferred, to ask study participants to stop their regular exercise activities was not ethical given the consequences of inactivity and deconditioning. 13, 48 At the completion of the study, the same home-based exercise prescription given to the exercise groups (EE and CE) was provided to the control group based on their symptom-limited treadmill test.
Perhaps the PFS being administered only 3 times in almost a year's period of time was too infrequent to capture the true effect of exercise on CRF. Clearly, using a multidimensional instrument and needing to take measures often are complex issues. 100 Another limitation was that only self-report of exercise behaviors was obtained, and no objective measures were taken (eg, pedometer or sleep wrist actigraph). The inclusion of objective measures is recommended for future studies.
A home-based exercise training intervention was successfully implemented in patients both during cancer treatment and beyond. Although there was no reduction in fatigue, the subjects studied experienced only mild fatigue throughout the study. The exercise intervention did not worsen fatigue in any of those in the exercise groups. Further investigation is needed to evaluate fatigue and its related symptoms more often during and after treatment. More frequent assessment of fatigue and related symptoms, higher fatigue levels at baseline, and further analysis in adherence rates may comprehensively capture the effect of exercise. Finally, in light of the ACSM 2006 guidelines, the dose of exercise prescription needs to be increased in subsequent research.
Although this present study did not prove the effectiveness of exercise in the management of fatigue in patients with cancer, it is important to be aware that women with cancer can experience mild fatigue, sleep disturbance, and pain during and after treatment. Clinicians need to assess fatigue and its related symptoms at the beginning of cancer treatment. As a recommendation from the Oncology Nursing Society's Putting Evidence Into Practice Project clinical guideline, exercise is one of the interventions that reduces fatigue. Some patients who cannot exercise during their treatment but initiate exercise activities after cancer treatment (ie, the CE group) appears to have the same merit in managing fatigue.
